by degrees it mixes with the ocean ; after being projected into it, either from the side of some promontory, that extends very far beyond the general direction of the co ast; or after being conducted into it, through a strait.
The original cause of this current, I apprehend to be, the prevalence of westerly winds in the Atlantic ; which, impel ling the waters along the north coast of Spain, occasions a current, in the first instance. T he stronger the wind, the more water will be driven into the Bay of Biscay, in a given time ; and the longer the continuance of the wind, the far ther will the vein of current extend.
It seems to be clearly proved, that currents of water, after running along a coast that suddenly changes its direction, (as happens on the French coast, at the promontory south of Brest) do not change their course with that of the shore, but preserve, for a considerable time, the direction which they re ceived from the coast they last ran by. In some instances, after being projected into the sea, they never again approach the shore ; but preserve, to a very great distance, nearly the direction in which they were projected ; as well as a consi derable degree of their original velocity, and temperature. T he gulf stream (of Florida) is a wonderful instance of this kind ; which, originating in a body of pent-up waters, in the Gulf of Mexico, is discharged with such velocity, through the Straits of Bahama, that its motion is traceable through the At lantic, to the Bank of Newfoundland ; and may possibly ex tend much farther. This being therefore the case, we can have no difficulty in conceiving, that the current of the Bay of Biscay continues its course, which may be about N W by W, from the coast of France, to the westward of Scilly and Ireland. that often prevails to the Westward of Scilly.
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At ordinary times, its strength may not be great enough to preserve its line of direction, across the mouth of the Bri tish C hannel; or, if it does preserve its direction, it may not have velocity enough to throw a ship so far out of her course, as to put her in danger. But, that a current prevails there can be little doubt; and its degree of strength will be regulated by the state of the winds. After a long interval of moderate westerly gales, it may be hardly perceptible ; for a very few miles of northing, in the 24 hours, will be referred to bad steerage, or some other kind of error : but after hard and continued gales from the western quarter, the current will be felt in a considerable degree of strength; and not only in the parallel of Scilly, but in that of the south-west coast of Ireland likewise.
Our observation of what passes in the most common waters, is sufficient to shew how easily a current may be in duced, by the action of the wind, on the water contiguous to a bank, when the wind blows along it. In a canal of about four miles in length, the water was kept up inches higher at one end, than at the other, by the mere action of the wind, along the canal, This was an experiment made, and reported to me, by my much lamented acquaintance, the late Mr. S m e a t o n . We know also, the effects of a strong south west, or north-west, wind, on our own coasts: namely, that of raising very high tides in the British Channel, or in the Thames, and on the eastern coasts; as those winds respec tively blow : because the water that is accumulated, cannot escape quick enough, by the Strait of Dover, to allow of the level being preserved. Also, that the Baltic is kept up two feet at least, by a strong N W wind of any continuance : and that the Caspian Sea is higher by several feet, at either end, as a strong northerly, or southerly, wind prevails. There fore, as water pent up, in a situation from which it cannot escape, acquires a higher level* so, in a place where it can escape, the same operation produces a c u rre n t: and this cur rent will extend to a greater or less distance, according to the force with which it is set in motion ; or, in other words, ac cording to the height at which it is kept up, by the wind.
It may possibly be asked, why a similar current does not prevail in the British Channel,from the same westerly winds? To this I answer, that the increased height and velocity of the tides, during the prevalence of such winds, prove that a part, at least, of the same effect which happens in the Bay of Biscay, is produced in the C h an n el; and I have little doubt, th at there is, in fact, a current also ; but that, as it is blended with the common tide, the effect on the senses is lo s t: for it may appear only in the form of a stronger flood tide, or a weaker ebb, than at other times. W hereas the Bay, a wider spac£, and of a different form, allows a freer scope to the tides, than the British Channel d o es: it being high water nearly at the same time, all over the Bay ; but varying in the Channel, at least five hours. And it may be concluded, from analogy, that the form of the Channel does not allow of the same effect being produced by the wind, on its included waters, as may be produced on those of the Bay : these meet ing with an opposition, in the coast of France, the others having a partial exit, at the Strait of D over: we may also conclude, that if no such phenom enon as a tide existed, a current, though less strong than in the Bay, would be per ceived in the British Channel.
that often prevails to the Westward of Scilly.
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Of the Bay of Biscay it may be observed that, by reason of its form, and exposure to the reigning winds, which are often violent, and which pass over a vast expanse of water, there is no part of the ocean, familiarly known to us, whose circum stances are, in any degree, similar to it. It ought not there fore to surprize us, if we find that it differs, in any particu lar, from other seas. Seamen have remarked its uncommon degree of agitation, in stormy weather ; but this has not, as far as I know, been properly accounted for. May it not be owing generally, to the same cause as that which produces the current? and at times, to the very current itself? W ith respect to the first-the waves of a deep bay or gulf, when the wind forces the water into it, will meet with a resistance in the land at the head of it, which must occasion a reverbe ration, that will render the surface of a great part of the gulf more unquiet, than when there is an opening at the end, to allow the undulatory motion a freer scope. W hat is said here, is exemplified on a small scale, by Mr. S m e a t o n ' s very inge nious manner of quieting Ramsgate harbour. ( See his Tract on that harbour, page 45.) And with respect to the second cause-the effect of a current running to windward, in pro ducing a short, hollow, and therefore dangerous, wave, is pretty well known. Accordingly, at seasons when the current runs strong, and the wind blows fresh from the north-west quarter, this cause must also contribute to the agitation of the waters, in the north part of the bay.* It is quite uncertain at what interval of time, from the commencement of strong westerly gales, in the Atlantic and Bay of Biscay, the current may operate on the tracks of ships, near Sc illy ; for we are not possessed of the , requisite for determining it. If we were to conceive a current, originating on the coast of Spain, and afterwards disturbing the courses of ships, on the west of Scilly and Ireland ; this would re quire too much time, to agree with one of the instances which I mean to adduce: although it is probable, that this may be nearly the effect at ordinary times, and when the westerly winds blow moderately. But as, in one striking in stance, it appears that the current operated in a very remark able manner, on the ship's course, on the fourth day after the commencement of the gale, in the quarter where the ship was ; the cause should rather be looked for, in the sudden and great accumulation of water, in the Bay of Biscay : otherwise, there is no accounting for the sudden appearance of the cur rent. And the very act of accumulation, causing an in draught, there will consequently be a current round the Capes of Finisterre, and Ortegal, towards the Bay. Be the exact cause, however, what it may, it no doubt originates in the Bay, by the action of strong westerly winds : the prevalence of such winds, will therefore be the signal for the appearance of a current, between Ushant, and the south-west coast of Ireland : for though the cause can only be guessed at, the ef fect is too well ascertained, to remain in doubt.
I shall now adduce the facts, on which the idea of the existence of a current is founded.
has been felt, very far within the limits of the south-east trade wind, in the Indian Ocean.
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In crossing the eastern part of the Atlantic, in the Hector East India ship, in 1778, we encountered, between the pa rallels of 42 and 49, very strong westerly gales ; but particu larly between the 16th and 24th of January, when, at inter vals, it blew with uncommon violence. It varied two, or more, points, both to the north and south of west, but blew longest from the northern points ; and it extended, as I after wards learnt, from the coast of Nova Scotia, to that of Spain.
We arrived within 60 or 70 leagues of the meridian of Scilly, on the 30th of January, keeping between the parallels of 49 and 50 ; and about this time we began to feel a current, which set the ship to the north of her intended parallel, by near half a degree, in the interval between two observations of latitude ; that is, in two days. And the wind, ever after wards, inclining to the south, would not permit us to regain the parallel; for, although the northern set was trifling, from the 31st until we arrived very near Scilly; yet the wind, being both scant and light, we could never overcome the tendency of the current. Add to this, that the direction of the current, being much more westerly than northerly, we crossed it on so very oblique a course, that we continued in it a long time ; and were driven, as it appears, near 30 leagues to the west, by i t : for we had soundings in 73 fathoms, in the latitude of Scilly, and afterwards ran 150 miles, by the log, directly east, before we came the length of the islands. In effect, in running 120 miles, we shallowed the water, only nine fathoms.
We not only were sensible of the current, by the observa tions of latitude, but by riplings on the surface of the water, and by the direction of the lead line. The consequence of all mdccxciii.
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this was, that we were driven to the north of Stilly ; and were barely able to lay a course through the passage between those islands and the Land's End.
Having no time keeper on board, we were unable to ascer tain the several points, in this part of our track, and there fore can only approximate our longitude; and that but very coarsely. But according to what we learnt from our sound ings, and from a vessel which had only just entered the cur rent, it may be concluded, that the current, at times, extends to 6o leagues, west of Stilly ; and also runs close on the west of those islands. However, the breadth of the stream, may probably be little more than 30 leagues ; for we crossed it, as has been said, very obliquely; and perhaps, in the widest part.
T he journal of the A tlas East India ship, Captain Cooper, in 1787, furnishes much clearer proofs, both of the existence of the current, and of the rate of its motion : for having time keepers on board, Captain Cooper was frequently enabled to note the difference between the true, and the supposed, longitude; and it may be said, that this journal, by the means it affords of ascertaining the current, is highly valuable ; as containing some very important facts, and which might have been entirely lost to the public, had not Captain Cooper marked them, in the most pointed manner.
I shall proceed to state, in abstract, the most important of the facts recorded in the journal.
The Atlas sailed with a fair wind, and took her depar ture from the Isle of W ight, on the 25th of January, 1787; and on the 27th had advanced 55 leagues to the westward of U shant; when a violent gale of wind began at south, and, en prevails to the Westward of Scilly.
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about 11 hours afterwards, changed suddenly to the west ward. The gale continued through the four following days: on the 28th, it was generally W by S, and W S W ; on the 29th, SW by W, or more southerly; and on the 30th and 31st, SSW, to SW by S * During this long interval, the ship was generally lying to; and with her head to the NW. On the 1st of February, the wind abated, but still blew from the south-westward ; and the ship was kept to the north-west. The stormy weather re turned again the following day, and continued, with little intermission, until the 11th; blowing from all the interme diate points, between south and W N W ; but chiefly, and most violently, from the WSW, and SW. At intervals, on the 8th and 9th in particular, the journal remarks, that " it blew a mere hurricane." On the 11th, the weather growing more moderate, and the wind favourable, the ship proceeded on her course, southward; being then two degrees and a quarter of longitude, to the west of Cape Finisterre, by the reckon ing ; but by the time keepers, more than four degrees and a half.
After the above abstract of the proceedings of the ship,.! shall subjoin the following particulars; which are the most in point, to the purpose of the present discussion.
On the 27th, at noon, soon after the gale commenced, the longitude, by reckoning, agreed within 14 minutes of that shewn by the time keepers; the latter being the most westerly. This difference alone might well have arisen from * In this, as well as in the former statement of the winds, I have allowed for the variation of the compass; that the application of it, to the quarter of the heavens, and to the chart annexed, (see Tab. XXI.) may be more easy and clear.
2 C 2 an error in the log, or even in the position of the needle point on the Isle of W ight, from whence the departure was taken ; but it may also be owing to the westerly current, whilst the ship remained in it, on the 2 7 th ; if we admit that such a current prevails at all times, though in different de grees of strength. Here it is proper to remark, that in deli neating Captain Cooper's track, on the chart, I have scrupu lously adhered to the result of each day's work, of the reckon ing, as I find it in his jo u rn a l; contenting myself with in serting my own observations on the track, in this paper only ; where they cannot mislead.
The longitudes pointed out by the time keepers on the 28th, 29th, and 30th, shew, that the increasing, though trifling differences, between the true longitude, and that by the dead reckoning, had amounted to 24 minutes only, on the 30th. At this time the ship was about 24 leagues to the W SW of Scilly ; and, at 5 or 6l eagues to th position, (that is, at 25 leagues SW by W from Scilly) they had soundings at 70 fathoms. This last particular is mentioned, to prove that the longitude shewn by the time keepers (8° 28' west from London) was nearly the longi tude in which the ship really was, on the 30th of January. T hat of St. Agnes (Scilly) is taken at 6° 4
The Atlas was now entered into the stream of the same current which occasioned so much delay to the H ecto r; but the course of the Atlas, being opposite to that of the Hector, it facilitated her progress ; and also carried her clear of the south-west coast of Ireland.
On the 31st, the time keepers shewed that the ship had been set very considerably to the westward of the reckoning; and by that often prevails to the Westward of Scilly. 1 the 2d of February, at 3 in the afternoon, it appeared that she had been set two whole degrees of longitude to the west of the reckoning, since the 30th at noon ; that is, in the course of 51 hours. (Here it may be proper to remark, that I have, throughout, reckoned according to sea time ; that is, the day commences at noon.)
On the 3d of February, at noon,, the time keepers shewed a further s e t, of 23 minutes of longitude, more than the reckoning gave, in the interval since the last observation, which was 45 hours; so that, since the 30th of January, 4 days only, the ship had been carried by the current, no less than two degrees and twenty-three minutes; and since the 27th, when the gale began, 2°32' of longitude ; amounting, in these parallels, to ninety-nine marine miles. But here, the current appears to have totally left them ; and it is very probable, that it even ceased before the time of observation, on the 3d : for the succeeding observations of the 5th, 6'th, 7th, 9th, 10th, and 11th, although the strong westerly gales continued, come so near the longitude by the reckoning (deduced from the observation of the 3d) that the differences, which are some times to the east, and at other times to the west, may be with more propriety ascribed to errors of the log, than to a current; as may be seen by the two tracks on the chart. We may therefore conclude, that the current did not cease at the very point of time, when the observation of the 3d was taken, but probably some time before.
It appears then, that the Atlas experienced a westerly cur rent, from a point about 24 leagues to the W SW of Scilly, (if not earlier) to four degrees of longitude west of the meridian of Cape Clear,* in the parallel of 510; where its effects were no longer perceptible. And, as no current was felt in the track southward, on the 11th ; nor in any part of the track to the north-west, between the 3d and 10th ; although it was felt nearly in the same line of direction, between the 1st and 3d; it may be inferred that the stream goes off to the north west, between the aforesaid track, and the south-west coast of Ireland. It is much to be regretted that no observations ap pear on the 12th and 13th ; which would have been decisive of its course.
I come now to two particulars of the case, which, I con fess, perplex me exceedingly. T he first is, that the current was felt, apparently in its full strength, on the fourth day af ter the commencement of the gale ; which began at south, then changed suddenly to the west and W SW , and after wards fixed in the SW quarter. This gale was felt between the 48th and 50th degrees of latitude, and, no doubt, ex tended its effects very far to the south and w e s t; but what the state of the winds had been in those quarters, previous to the 27th of January, we are ignorant. T he winds in the Bri tish Channel had been easterly, for three days preceding the gale : the fourth day, preceding, there had been strong gales at SW ; and the five days preceding , there had been chiefly light winds at west. According to this state of facts, we can only suppose that the current originated from a vast body of water, pent up in the Bay of Biscay, by violent gales of wind ; first from the southward, eleven hours ; then from a point or two to the south cf w est; and lastly, at south-west. * Cape Clear is reckoned to be ip long. 90 25' from London.
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We are not to consider the water of this current, as having made the circuit of the Bay of Biscay ; but as the collective body of pent up waters, in the Bay, running off along the SW coast of Britanny, and thence to the north-westward ; pre serving nearly the direction it had acquired, by running along that coast. And it may be conceived, that the frequent recur rence of westerly winds, keeps up a constant current in the Bay, and to some distance beyond i t ; although during the longest intermissions of these winds, the current may become so slow, as to be scarce perceptible.
The second particular which perplexes me, is, that no northern set is indicated by Captain C o o p e r ' s journal: that is to say, by the mode in which each day's log is w rought; and which, in the formation of the chart, as is said before, I have strictly adhered to. It indeed appears to me very won derful, that no northing should appear, when it seems to be the very same kind of current which carried the Hector so far to the northward. It is certain, that the state of the weather was such, as to preclude those nice attentions to the reckoning, which might enable us to detect any small dif ferences, between the latitude by account, and that by obser vation ; although the western set was too considerable to es cape notice, and may even have been more than the state ment sets forth. I cannot therefore, by any means admit, that there was no northing in the current through which the Atlas passed; first, because they had not observations of lati tude, regularly; and lastly, because on the 31st of January, when lying to, 3 6m iles are allowed for 20 hours , to the north-west; which appears to me excessive. On that day they had no observation of latitude, and on the following day, the observation shewed tWo miles n o rth in g ; which however proves nothing. Again, on th e succeeding day, (the 2d) in a most important point of the track, there was no ob servation of latitude.
In the Hector, precisely in the same track, and at the same season of the year, the current had, as has been observed, a considerable degree of northing in its course. On two days it was about 12 miles, each ; on another day 13, and on two others, g, and 8 ; and this, in weather very favourable for keeping a reckoning, and with observations of latitude, on every day save one ; not to mention the strong circumstances of a visible set to the northward, indicated, as well by the lead line, as by the ripling on the surface of the water. It is in the nature of currents, to expand their streams or columns of water, after being projected into the ocean ; and therefore, according to this law, the middle part of the stream should preserve its original course, in a greater degree than the borders of i t ; so that the middle part may run to the N W by W, whilst the eastern border may run more nor therly, and the western border more It is certain, that in the Hector, we felt the northerly current much stronger, close on the west of Scilly, than further o u t; and it appeared by the distance we ran, after sounding in 73 fa thoms, that the current must have set much more zvesterly, than n o rt h erl y, the whole time. The following remarks obviously occur, on the effect of this current.
1st. W hatever may be the breadth of the stream, (which is at present unknown) if a ship crosses it very , that is, in an E by S, or more southerly direction (as may easily that often prevails to the Westward of Scilly. 197 happen, on finding herself too far to the northward, at the first place of observation, after she gets into the current), she will, of course, continue much longer in it, and will he more affected by it, than if she steered more directly across it. She will be in a similar situation, if she crosses it with light winds ; and both of these circumstances should be at tended to. And if it be true, as I suspect it is, that the eastern border of the current has a more northerly direction than the middle of it, this also should be guarded against. I con ceive also, that the stream is broader in the parallel of Scilly, than farther south. And here we may remark, Jhat those who, from a parallel south of Scilly, have been carried clear of it to the north, when approaching it, in the night, may esteem themselves fortunate that the current was so strong; for had it been weaker, they might have been carried on the rocks.
2d. A good observation of latitude, at noon, would be thought a sufficient warrant for running eastward, during a long night: yet as it may be possible to remain in the current, long enough to be carried from a parallel that may be deemed a very safe one, to that of the rocks of Scilly, in the course of such a n ig h t; it would appear prudent, after experiencing a continuance of strong westerly gales in the Atlantic, and approaching the Channel with light southerly winds, either to make Ushant, or at all events to keep in the parallel of 48°, 45', at the highest. If they keep in 490, 30', they will expe rience the whole effect of the current, in a position where they can least remedy the evil: but if in 48°, 45', they are assailed by the north-west current, they are still in a po sition from whence a southerly wind will carry them into the MDCCXCIII.
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Channel. But all ships that cross the Atlantic, and are bound to the eastward of the Lizard, had better make Ushant, under the above circumstances, in times of peace. Or, at all events, why should they run in a parallel, in which they are likely to lose ground ? 3d. Ships, bound to the westward, from the mouth of the Channel, with the wind in the south-west quarter, so that it may appear indifferent which tack they go on, should pre fer the larboard tack ; as they will then have the benefit of the current.
4th. I understand that the light house of Scilly is either removed, or to be removed, to the south-west part of the islands ; or of the high rocks. This is certainly a wise mea sure ; as the light should be calculated more particularly for ships that have a l o n g, than a short departure; like from any part of the European coasts, to the northward, or eastward. T he light house ought also to be built very lofty. I am sorry to remark, that, as far as my observation has gone, this light has never appeared clear and bright, as a light to direct ships ought to do. 5th. It would be worth the attention of government (in my humble opinion) to send a vessel with time keepers on board, in order to examine and note the soundings between the parallels of Scilly and Ushant, at le a st; from the meridian of the Lizard point, as far west as the moderate depths extend ; I mean such as can be ascertained with exactness, in the ordi-' nary method of sounding. I have reason to suppose that our chart of soundings is very bad ; and indeed, how can it be otherwise, considering the imperfect state of the art of ma rine surveying, at the time when it was made ? A set of time that often prevails to the Westward of Scilly. 199 keepers will effect more, in the course of a summer, in the hands of a skilful practitioner, than all the science of Dr. Halley, during a long life; for who could place a single cast of soundings, in the open sea, without the aid of a time keeper ? The current in question, must have disturbed every operation of this kind. It should be the task of the person, so employed, to note all the varieties of bottom, as well as the depths ; the time of high and low water ; setting of the tides, and currents, &c. Such a survey, skilfully conducted, might enable mariners to supply the want of observations of latitude, and of longitude ; and, of course, to defy the current, as far as relates to its power of misleading them.
bth. It is certain, that the current in question may be somewhat disturbed by, or rather will appear to be blended with, the tides, at the entrances of the British and St. George's Channels ; but it is obvious that the current will have the same effect, in setting a ship out of her course, as if no tide existed ; because, whatever effect one tide may have, the next will nearly do away. But there are two particulars, well worth ascertaining ; and these are, first, the point at which the two tides of St. George's, and of the British Chan nel separate, on the west of Scilly. And secondly, what de gree of northing one of the streams has, more than the other. Because a ship, in approaching Scilly, from the west, on a flood tide, and keeping in a parallel which may be to the north of the point of separation of the two tides, (and conse quently in the tide stream of St. George's Channel) may be thrown too far to the north ; although, had she been far enough to the west, to receive the effect of the next ebb, this temporary, and alternate derangement of the course, would 2 D 2 have had no ill effect; or even have been noticed. But admitting that a tide, with any degree of northing in it, does take place, a little to the west of Scilly ; this will furnish an additional reason for keeping in a southern parallel.
